
Tire Inflated With A Plurality of Balls 

Background of the Invention 

This application claims priority from U.S. Provisional Application S.N. 
5 60/215,256, filed June 30, 2000. The present invention relates to tires, and, in 
particular, to a pneumatic tire which is mounted on a safety rim and which is 
inflated by a plurality of individual balls. 

For off-road vehicles, it is desirable to have low tire pressure in order to 
have better traction and higher speeds. However, if the tire pressure is reduced 

2 io enough to obtain the desired traction, there is a severe risk of rim and tube 

;i damage when the tire hits a bump or other irregularity. Failure of the rim or a flat 

Zj tire will prevent the competitor from finishing the event. Flat tires are a common 

0 cause of poor competitive performance by an otherwise capable competitor. In 

3 recent years, the more financially able competitors have adopted the use of foam 

* is tire inserts to replace conventional "inner" tubes. While these inserts solve the 

* problem of flat tire failure, they can decompose and cause underinflated tires. 
They also create poorer traction due to the apparent high inflation pressure when 
compared to conventional inner tube/tire combinations at the normal inflation 
pressures. They are also expensive and have a very limited useful life. 

20 Therefore, while foam tire inserts perform a useful function, they do not fully 
solve the problems encountered in the art. 

Individual balls have been used to support a tire in the past. Our research 
found patents between the years 1890 and 1921 that taught the use of individual 
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balls to support a tire. For example, U.S. Patent 442,393 "Richwine" shows a tire 
A, which surrounds balls E and which is laced onto studs C on the rim. Most of 
those prior art balls were solid or thick-walled, relying on the stiffness of the 
material of the ball to provide support to the tire. Later, around 1920, tires were 
5 developed using inner tubes, and the use of internal balls inside a tire was 

abandoned. These newer types of tires generally required the tire to be installed 
onto a two-piece rim in a deflated state. Once the tire was installed on the rim, it 
was inflated. While this type of tire provided a softer, more comfortable ride than 
was possible with the earlier tires, the two-piece rim was dangerous, and people 

■g 10 occasionally were injured when the rim came apart under pressure. Around the 

IB 

Si early 1940s, the safety rim came into use. This was a one-piece rim with internal 

%j recesses that received the edges of the tire. The edges of the tire seated against 

n 

'•D the rim along those internal recesses. The use of these safety rims is now the 

y norm, with the tire being installed onto the safety rim and then inflated, either with 

15 or without the use of an inner tube. 

Summary of the Invention 

The present invention re-introduces the long-abandoned use of balls, but 
puts the balls into a modern tire assembly using a safety rim. In addition, the 
20 balls that are used in the preferred embodiments of the present invention have 
characteristics that are different from the balls that were used in the very early 
tires, as they do not rely on thick, heavy walls to support the load but rather rely 
upon the internal pressure in a relatively thin-walled ball. In the present 
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invention, balls are put inside a standard modern tire, and the tire is then 
mounted onto a standard safety rim. This is contrary to the teachings of the art, 
in which the standard tire is mounted onto the standard safety rim in a deflated 
state, and, only after being mounted onto the rim, is the tire inflated. However, 
5 this new combination achieves benefits that were not available either to the early 
20th century ball-type tires, or to the late 20th century pneumatic tires mounted 
on a safety rim. 

By mounting the tire on a safety rim, with inflated balls inside, the present 
invention obtains all the benefits of modern tires, plus many additional benefits. 

ig io First, the balls within the tire of the present invention can be inflated to a lower 

ffl 

M pressure than a regular tire, so as to obtain improved traction, without risking 

"if 

damage to the tire or rim. Second, the design of the present invention greatly 

'~ reduces the probability of a flat tire. 

The reason the balls can be inflated to a lower pressure without increasing 

m 15 the risk of damage to the tire and rim is that this arrangement acts like a built-in 
progressive suspension. The harder the tire hits a surface, the greater the 
internal pressure in the balls adjacent to the area in contact with the ground. 
When a portion of the tire hits a surface, the force tends to deform the ball 
supporting that portion of the tire, which increases the internal pressure in that 
20 particular ball. Thus, that particular ball is suddenly resisting additional distortion 
with a higher internal pressure, thereby protecting the tire and rim from damage. 
This differs from a normal tire, in which the internal pressure does not increase 
substantially, because the air simply shifts within the large internal volume of the 
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tire. For example, for a motorcycle tire assembly made in accordance with the 
present invention, the balls may be run at 3-5 pounds of pressure, as opposed to 
typical inner tube tires that are run at 12-18 pounds of pressure, without 
increasing the risk of damage to the tire and rim. The balls also can be used in a 

5 wide temperature range and are very durable. 

The design of the present invention also protects against flat tires, 
because, if an individual ball is punctured and deflated, or even if several of the 
balls are punctured and deflated, the tire is still inflated sufficiently to continue to 
function. This is true even under extreme temperature conditions, where inserts 

10 fail. A punctured ball can then simply be replaced without having to replace the 
remaining balls. 

A rim lock may be used to help hold the tire bead onto the rim and to help 
prevent shifting of the balls during operation of the tire. 

15 Brief Description of the Drawings 

Figure 1 is a side view of a motorcycle using tires made in accordance 
with the present invention; 

Figure 2 shows a portion of the rear tire of Figure 1 partially disassembled 
to reveal the internal balls; 
20 Figure 3 is a schematic side sectional view of the rear tire of Figure 1 ; 

Figure 4 is a view taken along the line 4-4 of Figure 3; 

Figure 5 is the same view as Figure 4, but showing an alternative 
embodiment, in which an inner tube is inserted between the balls and the rim; 
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Figure 6 is a view taken along the line 6-6 of Figure 3; 

Figure 7 is a view taken along the line 7-7 of Figure 3; 

Figure 8 shows the tire of Figure 3 rolling along a support surface; 

Figure 9 is a view taken along the line 9-9 of Figure 8; 

Figure 10 is a view of the tire of Figure 3 encountering a large bump in the 
support surface; 

Figure 1 1 is a view taken along the line 11-11 of Figure 10; 

Figure 12 is a view of two pieces of film being assembled together to 
make the ball of Figure 4; 

Figure 13 is a view of the two pieces of film of Figure 12 lying adjacent to 
each other before they are welded together; 

Figure 14 shows the ball of Figures 12 and 13 after it has been welded 
and inflated; 

Figure 15 shows the tire of Figure 2 being installed onto its rim; 

Figure 16 shows an alternative embodiment of a tire with balls in which the 
balls have an oblong shape; and 

Figure 17 shows the portion of the tire of Figure 10 in contact with a road 
or other flat surface. 

Description of the Preferred Embodiments 

Figures 1-4 and 6-15 show a first tire assembly 10, made in accordance 
with the present invention. The tire assembly 10 includes a tire 12, which is 
mounted on a rim 14, which, in turn, is mounted on a hub 16. In this preferred 



embodiment, the tire 12 is a standard tire, and the rim 14 is a standard safety 
rim. 

etween the rim 14 and the tire 12 are individual balls 18. The balls 
substantially fill the empty space between the rim 14 and the tire 12. The 
5 number! size, and shape of the balls 18 are selected depending upon the 

dimensions of the tire 12 and rim 14. While this view shows the ball 18 as having 
a substantially spherical shape, that is due to the fact that this particular tire 
casing 12land rim 14 together form a void space with a substantially circular 
cross-section. If the rim 14 were substantially wider than the height of the tire 
10 casing, or it the height of the tire casing were substantially taller than the width of 
the rim, them the balls 18 preferably would have a more elliptical shape. Also, a 
more elliptical shape may be desirable in order to fit the desired number of balls 
into the tire, as will be explained later. The balls 18 preferably are made of a 
material that floes not stretch significantly, so the surface area of the ball does 
is not increase appreciably as the internal pressure of the gas inside the ball 
increases. \ 

In the case of balls to be used in off-road motorcycles, the ball should be 
able to withstand five times the weight of the motorcycle and rider without 
exceeding its elastic limit, without exceeding its tensile limit, and without 
20 stretching more than 50% from its initial. surface area. Since it is desirable to 
make the balls lightweight, it is also desirable to make the wall of the ball as thin 
as possible while still meeting the other design criteria. 
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The balls that have been successfully tested for off-road motorcycle use 
are made of polyether-based polyurethane sheet that is 0.050 inches thick (50 
mils), welded together as shown in Figures 12-14. The diameter of these balls is 
from 2.5 to 4.5 inches, and they support 3000 pounds of force without exceeding 
5 their elastic or tensile limits and without stretching over 50% more than their 
initial surface area before they were placed under any load. One advantage of 
this material is that it is recyclable and can be remolded. 

It is estimated that balls for automobile tires would be from four to eight 
inches in diameter and 30-100 mils thick, while able to support 25,000 pounds 

;5 10 without exceeding elastic and tensile limits and without stretching beyond 1 50% 

■as? 

m 

of their initial surface area before loading. 
SJ In order to define the balls in more general terms, it is preferred that the 

IZJ 

^ balls be able to support a force in pounds that is at least one hundred times the 

y cube of their diameter in inches without exceeding their tensile and elastic limits 

hj is and without stretching beyond 150% of their initial surface area. Also, it is 

JC2. 

i 5 

'{2 preferred that the wall thickness be less than 3% of the diameter, and more 

preferably less than 2% of the diameter. So, for example, for a ball that is three 
inches in diameter, it preferably should be able to support at least 2700 pounds 
(3x3x3x100) without exceeding its tensile and elastic limits and without stretching 
20 to more than 150% of its initial surface area. It preferably should also have a wall 
thickness less than 0.09 inches (3% of 3), and more preferably less than 0.06 
inches (2% of 3). For a ball that is five inches in diameter, it preferably should be 
able to support at least 12,500 pounds (5x5x5x100) without exceeding its tensile 
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and elastic limits and without stretching to more than 150% of its initial surface 
area. It preferably should also have a wall thickness less than 0.15 inches (3% 
of 5) and more preferably less than 0.10 inches (2% of 5). 

While rotational molding and welding of sheets have already been 
5 disclosed, it is also possible to make the balls by injection molding. Also, 

reinforcing materials, such as fibers could be incorporated. Further research will 
no doubt disclose even better materials and fabrication technologies, which will 
also be within the scope of the present invention. 



10 gas under pressure into the space between the rim 14 and the tire 12. There is 
also a standard rim lock 22, which is secured to the inside of the rim 14 by 
means of a bolt 24 and nut 26. The rim lock 22 is shown in more detail in Figure 
7, mounted on a slightly modified rim 14A, and will be described later. The tire 
12 includes a tread, which defines knobs 30. 



l £\$Qj}y 'Vgure 4 shows a section through the assembly 10 of Figure 3. The rim 14 
has 'a substantially inverted U-shaped cross-section and defines left and right 
recesses «2. The left and right edges 34 of the standard tire 12 have embedded 
cords 36, $nd these edges 34 with embedded cords 36 are received in the 
recesses 32and seal against the internal surface of the recesses 32 in the rim 
20 14. This figuie also shows that the ball 18 has its own individual valve 38, which 
permits the ba|l 18 to be inflated to a desired pressure. 



As shown in Figure 3, there is a valve 20, which permits the insertion of 




^yj? figure 6 shows the standard tire valve 20, which extends through the rim 

Q^^14 and permits pressurized gas to be inserted between the tire 12 and the rim 
14. I 

Figure 7 shows the view along the section 7-7 of Figure 3, except that the 

5 internal shape of the rim 14A has been slightly modified to provide internal 

circumferential ridges 32A adjacent to the recesses 32. The internal ridges 32A 
have a diameter less than the minimum inside tire diameter of the tire casing 12. 
The rim lock 22 can be used with either configuration of the rim 14 or 14A. The 
rim lock 22 bolts through the rim 14 or 14A and presses portions of the tire edges 

10 34 against the recesses 32. The rim lock 22 also wedges between two of the 
adjacent balls 18, tending to keep the balls 18 in their proper positions. 

Figure 8 is essentially the same schematic view as Figure 3, but showing 
the tire assembly 10 rolling over a support surface 40. The weight of the 
motorcycle (or other vehicle) and whatever the vehicle is carrying is supported on 

15 the axle 16A, which is supported by the hub 16, which, in turn, is mounted onto 
the rim 14 by means of the spokes 17. The spokes 17 are secured to the wheel 
rim 14 by conventional wheel spoke nipples. Various other known mechanisms 
for mounting the hub 16 to the rim 14 are known in the art and could be used in 
conjunction with the present invention. 

20 Figure 9 is a view taken along the section 9-9 of Figure 8. This figure 

shows that the tire 12 of Figure 8 deforms in the area that is in contact with the 
support surface 40, which causes the balls 18 in that area to deform slightly. As 
the ball 18 deforms, its volume is reduced, causing its internal pressure to 
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increase. The pressure in the other balls remains the same. Obviously, as the 
wheel rotates, different balls will be in the lower position and will take on the 
deformed shape with a higher internal pressure, while the balls that were 
originally deformed will return to a more spherical shape as they rotate upwardly 
5 away from the terrain. 

Figure 10 shows the tire 12 hitting a bump 42 on the support surface 40. 
This causes a greater deformation of the tire 12 in the area of the bump 42, 
which, in turn, causes greater deformation of the ball 1 8 in the area of the bump 
42. This deformation of the tire 12 gives the tire good traction. Figure 1 1 shows 

10 that the ball 18 in the area of the bump deforms so much that it enters an upper 
portion 44 of the cavity between the rim 14 and the tire 12 into which it usually 
does not enter. This substantial deformation of the ball 18 greatly reduces its 
volume, thereby greatly increasing its internal pressure. Because the internal 
pressure greatly increases, the ball 18 resists further deformation with a greater 

is force, which prevents the tire 12 from being cut by the rim 14 and prevents the 
rim 14 from directly contacting the bump 42, thereby protecting both the rim 14 
and the tire 12 from damage. It should also be noted that, as the tire 12 flattens 
out on the bottom, the spacing between the knobs 30 is reduced. 

Figures 12-14 show one preferred method of making the balls 18. It is 

20 important that the balls 18 not stretch substantially, even under substantial 
pressure, and that the balls 18 be reliable enough to withstand large forces 
without exceeding their elastic limits. In initial prototypes, the inventor used a 
rotation molding process to form the balls by coating the inside of a rotating 

10 
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spherical mold with a polymeric material. However, the inventor has not yet been 
able to control the quality of a thin-walled ball sufficiently using that process in 
order to ensure that every ball can withstand the anticipated forces without 
failing. While it is anticipated that further testing and experimentation will 
produce a rotationally-molded ball that meets the desired specifications, for now 
the inventor is making the balls 18 by welding together uniform sheet portions 
having the desired properties. In this preferred embodiment, two sheet portions 
50, 52 of the desired material are cut into a circular shape, as shown in Figure 
12. A valve 38 is installed on one of the portions 50. Then, the two portions 50, 
52 are brought together and welded around their peripheries 54 to form a seam. 
The resulting flat assembly is then inflated by injecting gas under pressure 
through the valve 38, to form the inflated ball 18, shown in Figure 14. In this 
preferred embodiment, the sheets 50, 52 are made of polyether based 
polyurethane having a thickness of 0.050 inches, and the two sheet portions 50, 
52 are welded together using radio frequency welding. The ball 18 may have a 
fabric cover (not shown), or the fabric cover may be omitted. Also, the ball 18 
could be made without a valve and could be inflated during the manufacturing 
process, but, in that case, the internal pressure of the ball 18 could not be 
adjusted. 

Assembling the tire 12 onto the rim 14 is shown in Figure 15. First, one 
edge 32 of the deflated tire 12 is placed onto the rim 14 in the usual way. Then, 
the inflated balls 18 are put inside the tire 12, as shown in Figure 2. Then the 
other edge 32 of the tire 1 2 is worked into position using a tire spoon 54 and a 
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plurality of clamps 56. First, the tire spoon 54 is used to push a portion of the tire 
edge 32 into place on the rim 14 at the point labeled #1 . Then, a clamp 56 is 
clamped onto the rim 14 at the position #1 , and the clamp 56 prevents the portion 
of the edge 32 from jumping back off of the rim 14. Then, the tire spoon 54 is 
5 moved to position #2, where it pushes another portion of the edge 32 into place 
on the rim 14, and another clamp 56 is clamped onto the rim 14 at that position. 
The installer continues to work the tire spoon 54 around the rim 14 until the entire 
edge 32 has passed over the edge of the rim 14 and into its respective recess 
32. Then, the installer adds some air under pressure to the inside of the tire 12 

10 through the valve 20 to help seat the edges 34 of the tire 12 against the recesses 
32 of the rim 14. Then, the valve 20 may be opened to release that pressure. 
(An alternate method of seating the tire casing is to drive the wheel at high 
speed, with the resulting centrifugal force being sufficient to properly seat the tire 
casing 12 to the rim 14A.) 

15 ^^v^^ n a ' ternative embodiment is shown in Figure 5. In that embodiment, the 
assepibW is the same as in the first embodiment, except that an inner tube 60 
has been\ inserted between the balls 18 and the rim 14. In this embodiment, the 
valve 20 goes through the rim 14 and into the interior of the tube 60. The inner 
tube 60 is a\standard inner tube, having a toroidal shape. This results in a 

20 hybrid-type of tire assembly. If the pressure inside the tube 60 is low, the 

assembly functions in the same manner as the first embodiment, as if the tube 
were not present. As the pressure of the tube 60 is increased, the tire assembly 
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acquires a more rigid effect. The tube 60 allows external adjustment for changes 



svb. a \ qui 

ri*X<i in load, terrain, or altitude. 



While the preferred embodiment of the invention, as shown in Figure 3, 
has all the balls 18 inflated to approximately the same pressure, an alternative 
5 would be to inflate the balls 18 to different pressures, for example, alternating 
from a higher pressure in one ball to a lower pressure in the next adjacent ball, 
back to a higher pressure in the next ball, and so forth. This would have a similar 
effect to providing knobs on the tire 12, in that the lower pressure balls would 
compress more under load than the higher pressure balls, causing the portions of 
10 the tire 12 supported by the higher pressure balls to dig into the support surface, 
giving the resulting assembly very good traction properties. 

Figure 16 shows an alternative embodiment of a tire assembly 110. In this 
assembly, the side walls of the tire are large. In this case, if the balls were 
spherical, very few balls would be needed to fill the space. It is preferable to 
is have a relatively large number of balls inside the tire, on the order of 20 or more 
balls, in order to achieve the desired properties of being able to continue 
operation even when some of the balls are deflated and of providing a 
progressive suspension and protection of the tire and rim due to higher internal 
pressures in the individual balls. As shown in Figure 17, it is desirable that at 
20 least three of the balls be supporting the load at any given time. Therefore, when 
the side walls of the tire are high relative to the width of the tire, as in Figure 16, 
the balls 118 may have a more oblong or elliptical shape in order to provide a 
relatively large number of balls to fill the space. For purposes of this 
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specification, when a ball has a non-spherical shape, the term "diameter" shall 
mean the longest straight-line dimension through the ball, so that, in this case, 
the diameter would be the height of the ball. 

While the tire assemblies shown herein support the hub on spokes and 

5 are intended to be used on a motorcycle, many other known types of hubs could 
be used, and the resulting tire assemblies could be used on a wide variety of 
vehicles, including automobiles, trucks, airplanes, and so forth. 

The preferred embodiments described above are understood simply to be 
examples of what the inventor believes to be the best way of carrying out the 

10 invention. Applicant has not attempted to show herein every possible version of 
the invention that is intended to be protected by the claims, as this would be 
impossible, and it is not required in order to obtain a patent that protects the full 
scope of the invention. While some alternatives have been mentioned in this 
specification, it would be obvious to those skilled in the art to make many other 

15 modifications to these embodiments without departing from the scope of the 
invention. Therefore, these examples should not be considered to add any 
limitations that are not intended by the plain meaning of the words of the claims, 
unless the words in the claims have clearly been given a special definition herein. 
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